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EXECUTIVE SUMMARY 
 
A Department of Energy/Office of Science (DOE/SC) review of the Long Baseline Neutrino 
Facility/Deep Underground Neutrino Experiment (LBNF/DUNE) project was conducted on 
December 2-4, 2015 at the Sanford Underground Research Facility (SURF) in Lead, South 
Dakota.  The review was conducted by the Office of Project Assessment (OPA), and chaired by 
Stephen Meador, OPA, at the request of James Siegrist, Director, Office of High Energy Physics.  
The purpose of this review was to evaluate the project’s readiness for Critical Decision (CD) 3a, 
Approve Initial Far Site Construction.  Overall, the Committee was impressed with the progress 
made since the July 2015 DOE/SC review, and supported LBNF/DUNE proceeding to CD-3a. 
 
Technical 
 
The Committee judged that the involvement of CERN is critically important and that it is notable 
that this project is CERN’s first non-European venture.  The Committee concurred with the 
program/project team’s expectations that the CD-3a cavern construction should spur additional 
international involvement.  The first results from ProtoDUNE are expected in second quarter 
2018, and will provide valuable input to validate the detector design before CD-2.   
 
In the area of Cryogenic Systems, the Committee noted that the current plan does not include 
back-up power to the cryogenic system booster compressors to provide some reduced 
refrigeration capacity in the event of a prolonged power outage greater than 40 hours.  The 
project team should consider adding back-up power to the booster compressors to allow some 
reduced capacity refrigeration operation in the event of a sustained power outage prior to CD-3a. 
 
The Committee judged that it would be prudent to fill a couple of critical cryogenic system 
positions so they can contribute to final design and commissioning. This would be beneficial to 
the operability and sustainability of the facility. The project team should consider hiring for these 
positions by CD-2, Approve Performance Baseline.  The Committee encouraged the project team 
to finalize agreements for the non-DOE cryogenic systems scope with CERN. 
 
Conventional Facilities 
 
Concerning conventional facilities, the preliminary design was completed on the CD-3a scope.  
The design documents have been reviewed by the project team and an independent review team, 
and these comments will be incorporated into the final design.  The request for proposals (RFP) 
for the Construction Manager/General Contractor (CM/GC) was prepared and issued to DOE for 
approval.  The CM/GC award is scheduled for mid-June 2016. 
 
The Committee suggested that the project team consider having a representative of the 
architect/engineer (A/E) onsite during construction to improve coordination between all parties, 
including timely evaluation of field problems, requests for information, submittal reviews, etc.  
The A/E (ARUP) will prepare Basis of Design and Concept of Operations plans during final 
design.  This is a good practice and will be very valuable to SURF.   
 
 



 

ii 
 

The Committee judged that the project team should further evaluate the method or system for 
maneuvering and/or loading/reloading steel components for transport in the shaft bottom area.  
The project team should continue to further define, study, and manage impounded water 
throughout the mine. 
 
Environment, Safety and Health 
 
The Committee supported the plan to dispose of rock into the open cut site and notes that it is 
commendable with respect to eliminating approximately 40,000 truck trips, but some alternatives 
in the disposition map presented are inconsistent with the Historical District boundaries 
documented in the Environmental Assessment (EA).  The EA is a Record of Decision and binds 
the project to what is has stated it will do.  
 
The Oxygen Deficiency Hazard (ODH) assessment follows Fermi National Accelerator 
Laboratory (FNAL) methodology, firmly classifying all areas at ODH Classification Level 1.  
This provides a minimum set of controls (mitigations) as the project moves forward.   It was 
unclear if the ODH level was also applied to areas that will be considered confined spaces. 
 
Cost and Schedule 
 
The CD-3a preliminary baseline was complete, comprehensive, and appropriate for this stage of 
the project design.  The random drill-down exercises into the cost and schedule estimates 
demonstrated that each element was well understood by the Control Account Manager and 
supported with detailed documentation. 
 
The Committee judged that further development is needed to implement an Earned Value 
Management System (EVMS) on the Far Site Conventional Facilities (FSCF) scope to comply 
with the certification requirements, and a detailed plan exists outlining the work required to 
implement fully compliant EVMS.  
 
Project Management 
 
The project made excellent progress since the July 2015 review.  Recent key hires appear to be 
very well qualified and project/collaboration communication and the overall relationships appear 
to be outstanding.  However, the project embodies organizational and managerial complexities 
that will require continuous attention. 
 
The Committee supported the project’s decision to implement EVMS on the FSCF scope of work. 
 
The logistics associated with taking materials underground, in parallel with removing 
approximately 800,000 tons of waste rock, are critical and should be fully reviewed and 
evaluated using time studies to validate assumptions.  The project team should revisit the scope 
contingency plan of removing excavation of caverns 3 and 4 (Key Performance Parameters and 
the High Energy Physics Advisory Panel (HEPAP) Particle Physics Project Prioritization Panel 
(P5) requirements issue). 
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The CM/GC request for proposals should include clearly defined evaluation criteria to help 
ensure that bidders have a good understanding of evaluation requirements.  
 
Key Recommendations 
 

 Review and revise the open cut site disposition plan to ensure consistency with the EA 
(the Record of Decision). 

 Clarify, in the ODH design analysis, whether all aspects of the project spaces will be 
ODH Hazard Classification Level 1 and whether further mitigation (controls) will be 
employed for work activities on cryogenic systems and confined spaces. 

 Work with a goal of having a Far Site ES&H/Quality Assurance coordinator in place at 
least six months prior to the start of pre-excavation.  

 Revisit and update the scope contingency plan prior to CD-3a. 
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1. INTRODUCTION 
 

Results of recent neutrino experiments have provided evidence for physics beyond the Standard 
Model of elementary particles and interactions.  The phenomenon of neutrino flavor oscillations, 
whereby neutrinos can transform into a different flavor after traveling a distance, is now well 
established.  What follows from these discoveries is that neutrinos have mass.  The current data, 
aside from a few anomalous results, can be described in terms of the three-neutrino paradigm, in 
which the quantum-mechanical mixing of the three mass eigenstates produces the three known 
neutrino-flavor states.  The mixings are described by the Pontecorvo-Maki-Nakagawa-Sakata 
(PMNS) matrix, a parameterization that includes a CP-violating phase. 
 
The May 2008 report of the Particle Physics Project Prioritization Panel (P5), a subpanel of the 
High Energy Physics Advisory Panel (HEPAP), strongly recommended continued exploration of 
neutrino properties via a high intensity neutrino source located at the Fermi National Accelerator 
Laboratory (FNAL) with a large detector located at a distance of between 1,000 and 1,500 
kilometers from the source to enhance matter effects, which will improve the sensitivity to both the 
neutrino mass hierarchy and CP violation.  In January 2010, the Office of High Energy Physics 
(HEP) obtained Critical Decision 0 (CD-0), Approve Mission Need, for a new facility.  The Long 
Baseline Neutrino Experiment (LBNE) was proposed, taking into account availability of funding at 
the start of the project, as a 10 kiloton far detector  located at Lead, South Dakota, with a source-
baseline distance of 1,300 kilometers.  This detector was located on the surface, with a thin rock 
covering to reduce cosmic ray backgrounds.  It was hoped that, as additional collaborators joined, 
and additional funds became available, that this far detector could be expanded deep underground 
(4850L) in the Homestake Mine at the Sanford Underground Research Facility (SURF), allowing 
sensitivity to proton decay and supernova neutrinos; and that a modest detector could be added 
close to the neutrino source for better control of systematic effects.  The Conceptual Design of the 
proposed surface detector was developed, reviewed by an Independent Project Review (IPR), and 
CD-1, Approve Alternative Selection and Cost Range, was granted in December 2012. 
 

 
 
Beginning in 2011, and continuing for two years, the U.S. High Energy Physics community 
engaged in a study of the path forward for that community.  A large number of scientific 
opportunities was investigated, discussed, and summarized in reports.  In 2013, the European 
Strategy for Particle Physics was updated, calling for participation in a long baseline neutrino 
program outside of Europe, enabled by CERN.  
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At the conclusion of the U.S. community study, a new P5 panel was charged to provide an 
updated strategic plan for the U.S. that can be executed over a ten-year timescale in the context 
of a twenty-year global vision for the field.  In 2014, P5 recommended that the U.S. host a 
world-leading neutrino program.  The recommendation called for re-formulation of the long-
baseline neutrino program as an internationally designed, coordinated, and funded program, the 
Long Baseline Neutrino Facility (LBNF), with FNAL as host.  The P5 set the minimum 
requirements to proceed as the capability to reach an exposure of at least 120 kt*MW*yr by the 
2035 timeframe, with the far detector situated underground, with cavern space for expansion to 
at least 40 kt Liquid Argon (LAr) fiducial volume, 1.2 MW beam power upgradable to multi-
megawatt power, and with capability to search for supernova bursts and for proton decay.  These 
P5 minimum requirements represent a significant enhancement of scientific capabilities of 
LBNE, thus entailing a refresh of CD-1.  
 
Following the release of the P5 report, the international Deep Underground Neutrino Experiment 
(DUNE), consisting of physicists from 145 institutions from 27 countries, formed to design, 
develop, and construct the detector components for the LBNF.  The LBNF/DUNE program takes 
as its model the Large Hadron Collider (LHC) accelerator and international LHC experiments.  
The LBNF project is responsible for design, construction, and operation of the LBNF beamline 
at FNAL; design, construction, and operation of the conventional facilities and experiment 
infrastructure on the FNAL site for the near detector; and design, construction and operation of 
the conventional facilities and experiment infrastructure at SURF, including cryostats and 
cryogenics systems required for the far detector.  DOE will be responsible for providing 
conventional facilities, beamline, and cryogenic systems, as well as incorporating non-DOE, in-
kind technical and material contributions to the project.  The LBNF project will be executed 
following DOE Order 413.3B. 
 
The DUNE Collaboration is responsible for the definition of the scientific goals and 
corresponding requirements on the detector systems and neutrino beamline; the design, 
construction, commissioning, and operation of the near detector at FNAL and the far detectors at 
SURF; and the scientific research program conducted with the DUNE detectors.  FNAL, in its 
role as the host, oversees all LBNF and DUNE construction.  DOE will provide in-kind 
contributions for detector systems, as agreed upon with the international DUNE collaboration. 
DOE contributions to DUNE will be managed to DOE Order 413.3B. 
 
The LBNF/DUNE project preliminary scope presented for the July 2015 DOE/SC CD-1 Refresh 
review included, at the SURF Far Site, excavation of three caverns.  Two of these would have 
two chambers, each chamber with capacity to contain a 10 kiloton fiducial free-standing far 
detector cryostat within a structural steel support frame.  Two of the four chambers would be 
outfitted.  The third cavern would house the cryogenic support equipment.  Half of the 
cryogenics plant was included in the U.S. project scope.  At the FNAL near site, LBNF project 
preliminary scope included the conventional facilities to house the beamline and the near 
detector, as well as the beamline itself.  Preliminary scope for U.S. contributions to DUNE were 
proposed to include approximately half of detectors contained in the first two far detector 
cryostats.  The Total Project Cost point estimate presented for U.S. scope in LBNF/DUNE was 
$1,457 million, including $344 million contingency.  The CD-4b date is planned for the fourth 
quarter of FY 2030.  CD-1, Approval of the Alternative Selection and Cost Range, was granted 
for LBNF/DUNE on November 5, 2015. 
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The project is currently seeking CD-3a, Approve Initial Far Site Construction.  The LBNF  
CD-3a proposed scope includes the early civil construction on the surface, in the shafts, and 
underground at SURF.  This scope is limited to core infrastructure needed to prepare the Far Site 
for detector assembly and installation.  These early construction activities will enable critical path 
detector and cryogenics cavern excavation to start sufficiently before detector fabrication begins, 
so that the underground facility can be ready to accept cryogenic equipment and detector 
components when these are available for installation.  The strategy of initiating Far Site 
construction ensures optimum use of resources while completing prototyping tasks needed before 
baseline of the project, reducing cost and schedule risk to the completion of LBNF/DUNE project.  
The estimated cost of this initial scope is $302 million, including $83 million contingency. 
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2. TECHNICAL SYSTEMS EVALUATIONS  
 
2.1 Detectors  

 
2.1.1 Findings 
 
LBNF/DUNE has performed the HEPAP P5  mandate exceptionally well in forming a highly 
functioning international collaboration. 

 
The design of DUNE should meet the physics goals of P5. 

 
ProtoDUNE is critically important for the demonstration of DUNE technology before CD-2, and 
is being built by the Far Detector group. 

 
The collaboration has responded appropriately to the CD-1 recommendations.  A new photon 
detector with approximately four-times better efficiency has been adopted as the baseline.  An 
effort is underway to increase the U.S. university collaboration.  A technique has been developed 
to check the cryostat seams for helium (He) leaks; there will be experience with several smaller 
cryostats; and the foam will be purged with argon (Ar). 

 
Many projects including LBNF/DUNE seem short of critical engineering skills. 
 
2.1.2 Comments 
 
Although the international collaboration is proceeding well, it was noted that Japan has not 
significantly joined.  Much of the High Energy Physics (HEP) community is convinced that large 
projects need tri-regional cooperation both for expertise and financial contributions. 

 
The involvement of CERN is critically important, and notable in that it is CERN’s first non-
European venture. 

 
The important prototype ProtoDUNE following the ICARUS design and the development of a 
two-stage detector are underway at CERN.  The first detector of DUNE will be the single phase 
design, and subsequent detector design choices will be based on performance, cost, and financial 
considerations. 

 
The CD-3a cavern construction should trigger more international involvement. 
 
The shortage of critically skilled engineers is putting excessive stress on the few experts in the 
community.  

 
First results from ProtoDUNE are expected in second quarter FY 2018, and will provide valuable 
input to validate the detector design before CD-2.  Support for U.S. scientists at CERN for 
ProtoDUNE seems marginal. 
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Aspects of the detector grounding scheme and power budget could be re-examined for potential 
cost savings. 

 
There is continuing concern about controlling radioactive backgrounds such 222Rn.  Better under-
standing of requirements and comprehensive purity testing of detector components seems advisable. 

 
There appears to be significant technical data arising from the operating set of Liquid Argonne 
(LAr) Time Projection Chambers that is not being communicated very well. 
 
There appears to be healthy cooperation with the Short Baseline Near Detector (SBND) on cold 
electronics. 
 
2.1.3 Recommendations 
  

1. FNAL management should encourage better communication among the LAr Time 
Projection Chambers groups, perhaps with understandings that the information is 
privileged. 

 
2. DOE and the laboratories should consider plans to increase the supply of critically 

needed engineers.  
 
3. DUNE, FNAL, and DOE should consider plans to ensure adequate U.S. involvement 

in ProtoDUNE to ensure technical readiness at CD-2. 
 
4. LBNF/DUNE is ready to proceed to CD-3a. 

 
2.2 Cryogenic  

 
2.2.1 Findings 
 
The scope of the LBNF Cryogenics Infrastructure includes the design, procurement, fabrication, 
testing, delivery, and installation oversight of four 10-kton (fiducial mass) membrane cryostats to 
contain the LAr and the Time Projection Chambers, and the comprehensive Cryogenic System 
that meets the performance requirement for purging, cooling down and filling the cryostats, 
acquiring and maintaining the LAr temperature within ±1 K around nominal temperature 
(88.3 K), and purifying the LAr outside the cryostats.  
 
The cryogenic and cryostat systems are being designed by a strong, collaborative team primarily 
from Fermilab and CERN.  This collaboration produced the Interface Control Documents (ICDs) 
that define the interfaces between cryogenics and conventional facilities in anticipation of  
CD-3a.  The scope of CD-3a includes the excavation activities for the central utility cavern and 
the cavern for detectors 1 and 2.  The additional cavern that will house detectors 3 and 4 is part 
of CD-3c.  One of the primary deliverables of the CD-3a work is to be ready to install detector 1 
in 2021.  Change control is in place to capture changes to the CD-3a requirements, which enables 
the project to respond to any modifications of the design.   
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The cryostats are on the critical path schedule and the cryogenic systems are very near the 
critical path schedule.  This speaks to the critical nature of the cryogenic system design and 
installation for the project.  Prototyping efforts are underway for the cryostat, which reduces the 
overall risk to the project. 
 
At the 4850L, back-up power is only provided to cryogenic controls within the cryogenic system.  
Liquid nitrogen storage provides 40 hours of back-up cooling in the event of a loss of power.  
The power reliability at the SURF site has been outstanding. 
 
Since the July 2015 DOE/SC review, there have been some changes to the cryogenic and 
cryostat systems design.  They are listed below. 
 
Cryostat 
 

 CERN has officially taken responsibility of 1 cryostat. 
 The steel support is lighter due to re-design following the American Society of 

Mechanical Engineers (ASME) Boiler and Pressure Vessel Code (BPVC) Section VIII 
Div. 2. 

 The longest pieces of the steel support structure have been reduced to facilitate 
transportation through the shaft. 

 A study is being conducted to install the detector from the side of the cryostat rather than 
the top. 
 

Cryogenic System 
 

 The refrigeration capacity has changed from four 85kW units to four 97kW units. 
 This increase in capacity did not affect power or size requirements because it resulted 

from improved liquid nitrogen (LN2) cycle design. 
 A mezzanine was added to the top of each cryostat. 
 A control engineer has been allocated to the project to advance the process controls design. 
 The LN2 storage dewars have been moved from the central utility cavern to the drift to 

reduce the size requirement. 
 

A summary of the cryogenic requirements given to conventional facilities is detailed below. 
 
Space Requirements 
 

 LAr/LN2 Receiving Stations:  outdoor space for truck receiving, LAr/LN2 vessels and 
vaporizers per Doc DB n. 248. 

 Compressors Building:  32.4 m (L) x 12.8 m (W) x 6.1 m (H). 
 Shaft:  CF to provide 2 x 16” pipes (Low Pressure GN2), 3 x 8” pipes (2 for High 

Pressure GN2, 1 for GAr). All pipes are carbon steel and connected with Victaulic 
couplings. Pipes provided by CF (per cryogenics design) go from outside of compressors 
building to Central Utility Cavern. 

 Central Utility Cavern:  138.5 m (L) x 19.7 m (W) x 10.85 m (H).  
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 Detector’s Cavern:  Minimum 69.6 m (L) x 19.7 m (W) x 28.0 m (H) and able to support 
a 25 m (L) x 10 m (W) mezzanine (one per cryostat) with floor and point loading per 
DocDB n. 583. Space for LAr pump towers and piping: 3.3 m (L) x 19.7m (W) on the 
side towards the central drifts. 

 Drifts:  space in the crown for LN2/LAr pipes connecting the Central Utility Cavern and 
the Detector’s Cavern, the GAr/GN2 returns and the vents to the Oro Hondo shaft. Space 
for the LN2 storage dewars in the crown of the drift on the east side of the Central Utility 
Cavern, with interconnecting piping. 

 
Installation and Logistics 
 

 Logistics:  components will fit within the constraints of the Ross Shaft either as 
individual units or broken down in parts and assembled underground. 

 Detector Cavern Access:  independent of those for detector and cryostat installation. 
 

Ventilation 
 

 General to allow materials flow as needed. 
 Detector’s Cavern greater than 10,000 m3/hr (minimum for ODH).  
 Central Utility Cavern greater than 15,000 m3/hr (minimum for ODH). 
 Ross Shaft greater than 90,000 m3/hr (minimum for ODH). 
 

Electrical Power 
 

 Compressors: 4 x 1,500 hp. 
 Boosters: 4 x 150 hp. 
 More contributions (lower values) in power table on DocDB n. 208. 
  

Heat Rejection 
 

 Compressors:  3,600 kW to cooling water, 764 kW to room. 
 Boosters:  400 kW to cooling water, 82.4 kW to room. 
 

2.2.2 Comments 
 
The project team is doing an exceptional job of preparing for CD-3a and is to be congratulated.  
However, the pace of the project is aggressive. 
 
Because the project is moving forward with CD-3a before a baseline design is established, there 
is some inherent risk.  The risk is adequately captured in the risk registry. 
 
At this point, it appears that the cryogenic system has adequate capacity margin.  Prototyping 
efforts are giving good confidence in the load requirements. 
 
Documents were updated to reflect the changes since July 2015 review, but some discrepancies 
were noticed such as the leak detection method for the cryostats detailed in Cryo Infrastructure 
Design Report.  The project should verify that all of the ICDs have approval signatures. 
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There is no current plan for back-up power to the booster compressors to provide some reduced 
refrigeration capacity in the event of a prolonged power outage (>40 hours). 
 
The Committee encouraged formalizing agreements for the non-DOE scope. 
 
Given the possibility of increased refrigeration capacity, one compressor and refrigerator will 
serve as an in-line spare. 
 
It was deemed too early in the project to bring on operations staff for cryogenic systems.  
However, a couple of critical positions to participate in final design and commissioning would be 
beneficial to the operability and sustainability of the facility. 
 
Controls design should proceed to mature to the level of the rest of the cryogenic system design. 
 
There are additional detailed design iterations being considered for Oxygen Deficiency Hazard 
(ODH) safety such as secondary containment around the LAr piping at the base of the cryostat.  
Exploring these considerations will progress as the project moves towards CD-2. 
 
Valves and distribution piping is going to require significant space.  There is a plan of where to 
locate these.  However, it is not identified in the three-dimensional model at this point. 
 
The argon receipt storage capacity seems limited given the amount of deliveries required and the 
likely weather delays.  Argon delivery logistics planning will continue. 
 
 2.2.3 Recommendations 
 

5. Consider adding back-up power to the booster compressors to allow some reduced 
capacity refrigeration operation in the event of a sustained power outage prior to CD-3a. 

 
6. Given the complexity of operation and the difficulty in recruiting cryogenic 

resources, develop a cryogenic and cryostat systems operations staffing plan that 
intentionally hires a few key positions in advance of critical cryogenic system design 
milestones in the project prior to CD-2. 

 
7. Proceed to CD-3a. 
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3. CONVENTIONAL FACILITIES 
 
3.1 Findings 
 
The LBNF project will construct a high intensity neutrino beam and associated facilities at 
SURF.   LBNF will mine, drill, blast, remove waste rock, bolt, and otherwise support and 
construct the caverns to house the components of the cryogenic system for the DUNE detector at 
SURF.  DUNE will use the high intensity neutrino beam and precision detector to accurately 
measure the properties of oscillating neutrinos.  In addition, this large detector system will be 
used to search for proton decay and for neutrinos from supernovae.  
 
The LBNF CD-3a scope includes civil construction activities on the surface, along with mining 
activities to refurbish the shafts and skips, and underground mining for SURF, focusing on core 
infrastructure necessary to prepare the Far Site for the detector assembly and installation.   
 
Initiation of these mining and construction activities is intended to facilitate critical path mining 
of the caverns in a timely manner before detector fabrication begins to prepare the underground 
research area to accept the cryogenic equipment and necessary detector components at such time 
as they are available for installation. 
 
The preliminary design has been completed on the CD-3a scope.  The design documents have been 
reviewed by the Committee and by an independent review team.  These comments will be 
incorporated into the final design.  A final design plan has been issued documenting the activities 
and schedule to complete the final design.  A request for proposals (RFP) for the CM/GC has been 
prepared and issued to DOE for approval—the CM/GC award is scheduled for mid-June 2016. 
 
The project has a substantial process to track the science requirements flow down to 
conventional facilities.  ICDs between CF and the science disciplines have been prepared and 
approved.   However, the project has not closed out all previous review recommendations; the 
remaining items are in process and are being tracked.   
 
The LBNF team performed a thorough two-phase geotechnical investigation building on extensive 
historical information from mining, examination of the existing drifts, and prior preliminary 
designs/studies (e.g., DUSEL), which includes information from four new core holes. 
 
The Neutrino Cavern Advisory Board (NCAB) reviewed the project’s geotechnical information 
and cavern plans and a comprehensive test blast is planned to further characterize areas of 
interest near planned cavern mining/excavations; and for measuring potential impact on existing 
research facilities underground currently in operation. 
 
Numerous cavern mining/excavation models and alternatives were evaluated, leading to the 
selection of the cavern mining/excavation approach that was presented, which includes potential 
development of a design to dispose of waste rock in the open cut site using a temporary waste 
rock conveyor system. 
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Underground infrastructure needs have been identified and characterized, including: shaft 
modifications in the Ross Shaft for underground utilities; steel structure replacement; and removal,  
enlargement of the brow in the shaft bottom area needed at 4,850 to accommodate cryostat steel 
members, and new conveyances needed for waste rock handling and construction support. 
 
Ventilation requirements for the entire mine and planned excavations at 4,850 have been 
translated into ventilation plans mine-wide for the facility, including mining, construction, and 
HVAC for laboratory spaces.  
 
A water inflow program has been ongoing since reopening the mine to develop the research 
areas—water inflow averages 700 gpm.  Water management activities, including the installation 
of 2000’ high-density polyethylene (HDPE) pipe to direct water to the #5 shaft, are planned. 
 
The project has considered identification of potential additional easements and/or property 
acquisitions needed to manage laydown areas and deliveries of materials off site, due to existing 
real estate constraints.   
 
Logistics workshops have been conducted. 
 
3.2 Comments 
 
The Far Site Conventional Facilities (FSCF) preliminary design is technically sound and 
sufficiently mature to support proceeding with the CM/GC procurement and initiation of initial 
civil construction activities.  Although the procurement schedule for the CM/GC is based on a best 
case scenario.  Any delays in the award would delay the CM/GC review and estimate of the 30% 
final design package and delay the scheduled award of the pre-excavation construction package.   
 
The design is based on the cryostat/cryogenic systems and detector science requirements flowed 
down to CF in the ICDs.  The project should consider having a representative of the architect 
engineer (A/E) onsite during construction to improve coordination between all parties including 
timely evaluation of field problems, requests for information, submittal reviews, etc.   
 
ARUP will prepare Basis of Design and Concept of Operations plans during final design.  This is 
a good practice and will be very valuable to SURF.   
 
Based on the review of a thorough two-phase geotechnical investigation, which was constructed 
on the basis of a detailed investigation of existing mine entries/drifts with the drilling of new 
coreholes; the project should consider using the data from the ongoing model to continue to 
engage the neutrino cavern advisory board during construction to potentially mitigate any 
unknown anomalies.  The hard rock in the proposed cavern area to be mined had not been 
previously evaluated and was found to be mainly foliated schist with some areas cut through by 
rhyolite dykes, which gives the rock a more brittle behavior.  The project is considering 
development of a plan for the installation of a temporary waste rock conveyor system and could 
benefit from knowledge of the varying rock compositions in the selection of the conveyance 
system.  The Committee supports evaluation of a conveyor system. 
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The project should consider further examination of the logistics and development of additional 
detailed plans, including engagement of the CM/GC to prepare the logistics plan when the 
contract is awarded.  Additional suggestions for consideration include the method or system for 
maneuvering and/or loading/reloading steel components for transport in the shaft bottom area. 
The project should also consider identification of “pinch points” where materials in transport on 
mine cars could become iron bound/trapped/stuck.  The project should give consideration to 
development of a maintenance plan for the slick lines, and “pigging” the lines for obstructions 
after each use.  The project should continue investigating the mining and constructability issues 
as preparation to work with the CM/GC. 
 
Although there is an existing ground water pumping system in place at the mine maintaining 
approximately 1,000 feet of freeboard below the 4,850 research facility level, the open cut 
portion of the mine functions somewhat like a French drain system for incoming ground water 
with water impounding in several places above the 4,850 level.  The project should continue to 
further define, study, and manage impounded water throughout the mine. 
 
In closing, the project team should view the project not only as construction but also as a mining 
activity that it truly is and consider developing a mining risk analysis. 
 
3.3  Recommendation 

 
8. Proceed to CD-3a. 
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4. ENVIRONMENT, SAFETY and HEALTH 
  
4.1 Findings 
 
Documentation required to support the present stage of the project and CD-3a is complete: 
 

 National Environmental Protection Act (NEPA) documentation is complete, and a 
finding of no significant impact (FONSI) has been issued; 

 The Hazard Analysis has been prepared; 
 Integrated Safety Management (ISM) Plan; 
 Hazard Analysis Report (HAR); 
 Security Vulnerability Assessment Report; and  
 Construction Environmental, Safety, and Health Plan. 

 
Commitments defined in the Environmental Assessment (EA) have been documented.  As the EA 
is a Record of Decision and issued by DOE, it is important to vet proposed changes to the project 
against this document, thus ensuring scope and risks remain bound within the EA envelope. 
 
There will be two entities managing space and activities at SURF, invoking two different ES&H 
Manuals.  The separation of leased space and ES&H requirements is understood by both parties.  
 
Conventional Facilities construction at SURF will be accomplished through a CM/GC 
contracting methodology, in which the CM/GC holds the trade subcontracts.  Flow-down of 
requirements (both 10CFR851 and SURF) will be to CM/GC, to lower tier sub-contractors and 
South Dakota Science and Technology Authority (SDSTA) staff.  Requirements are defined in 
the RFP and are consistent with other large DOE construction projects. 
 
The ES&H staff assigned to the project and SURF are experienced and competent.  ES&H issues 
are being considered in the design of facilities and equipment, with scientific objectives being 
driven through to engineering specifications.  Additional ES&H support from both FNAL and 
partner laboratories is available and being effectively used in evaluating and developing designs 
and operating plans.  
 
The project staff is addressing comments from the Director’s Review. 
 
SURF, with LBNF participation, is holding routine science integration meetings, keeping the 
science community abreast of activities; i.e., proposed test blast, tours, etc.  This is an important 
tool to ensure interface of activities with the established science programs is known and conflicts 
resolved early. 
 
The SURF Emergency Management Team is accomplished, trained, and appropriately staffed to 
accommodate underground construction activities. 
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4.2 Comments 
 
Recommendations from the July 2015 review have in large been addressed.  There is an 
outstanding report that will be forthcoming covering the status of the design to overcome risk of 
rock failure in the Oro Hondo exhaust ventilation system.  In particular, the ability of facility to 
allow for the required maximum air volume during LBNF construction phases; and the present 
state of the Oro Hondo shaft and whether it has enough freeboard for rock to accumulate. 

 
The facility inspection associated with this report provided further considerations as to where the 
supplemental borehole should be located and that the rock pile in the Oro Hondo has not changed 
since previous mapping in 2010.  
 
The FNAL Large Detector Cryogenic Safety Committee has reviewed the preliminary Oxygen 
Deficiency Hazard (ODH) analysis.  As with any analysis that’s coupled with design, this will be 
an ongoing activity until design is finalized. 
 
The plan to dispose of rock into the open cut site is commendable with respect to eliminating 
approximately 40,000 truck trips and in general easing traffic concerns, but the disposition map 
presented was inconsistent with the Lead Historical District documented in the EA.  As the EA is 
the Record of Decision and binds the project and its activities, it is important that these are aligned.  
 
Through discussions it appears that SURF is integrated to some extent in project ES&H 
document review; however, there is no way to recognize what SURF has concurred with.  As an 
example, the project’s ISM Plan has expectations of delivery by SURF management, but is only 
signed by project staff. 
 
The ODH assessment follows the Fermilab Environment, Safety and Health Manual (FESHM) 
methodology, firmly classifying all areas at ODH Classification Level 1.  This provides a 
minimum set of controls (mitigations) as the project moves forward.  It was unclear if the ODH 
Level 1 was also applied to areas, which will be considered as confined spaces and whether the 
Hazard Classification Level is dependent on forced air ventilation.  As the project matures, 
consideration should be given to outlining ODH controls, defining what expectations will be for 
entry into DUNE area, and integrating SURF requirements for underground work activities. 
 
It was unclear if provisions in the DOE Explosives Manual (called in under 851) are consistent with 
State and Facility requirements.  While it seems plausible that Federal and State requirements will be 
consistent, SURF should be sure that 851 requirements do not conflict with present operations.  
 
The risk registry identified an ES&H incident as a risk that could produce a schedule impact, but 
no cost impact.  Under the CM/GC concept, this may well be true for the project, because by 
default the CM/GC owns the risk; however, it should be made abundantly clear upfront that DOE 
could impose schedule delays via their own investigation of serious incidents or injuries that may 
translate into dollars. 
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4.3  Recommendations 
 

9. Complete the revision of Homestake Mining Permit 332 and agreement between 
SURF and Homestake to manage the rock disposition into the open cut site as defined 
in the EA.  
 

10. Review and revise the open cut disposition plan presented to ensure consistency with 
the EA (the Record of Decision).  
 

11. Clarify in the ODH design analysis whether all aspects of the project spaces will be 
ODH Hazard Classification Level 1 and whether further mitigation (controls) will be 
employed for work activities on cryogenic systems or in proposed confined spaces. 

 
12. Provide a signature concurrence line on all documents that can affect SURF facility 

design, existing infrastructure interfaces or expectations of delivery by SURF team. 
 
13. Perform a gap analysis of the DOE Explosives Manual, South Dakota State (BATF) 

and SURF requirements.  (Prior to CM/GC award). 
 
14. Provide guidance to CM/GC bidders on Incident/Injury reporting requirements, 

DOE’s ability to stop work, invoke penalties and the sequential re-start path. 
(Companies with no Federal experience will need clarification). 

 
15. Proceed to CD-3a. 
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5. COST and SCHEDULE 
 
5.1 Findings 
 

 
 
The LBNF/DUNE project team presented a CD-3a preliminary performance baseline, with 
summary characteristics detailed in Table 5-1 and 5-2. 
 

Table 5-1.     Preliminary Performance Baseline ($M) 
 

 FY17 FY18 FY19 FY20 FY21 Total 
CD-3a Obligations 15 42 80 75 7 219
CD-3a Contingency 6 16 30 28 3 83
Total 21 58 110 103 10 302

 
Table 5-2.     Preliminary Performance Baseline 
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The budget authority being requested at CD-3a totals $302 million (see tables above).  This 
amount reflects about 80% of the total required to complete all of the Far Site conventional 
facilities.  This request does not include any of the ongoing labor and overall Project Engineering 
and Design (PED) associated with the FSCF WBS elements..   
 
The Committee conducted random drill-downs of WBS elements associated with the CD-3a 
request.  The breadth of the drill-downs covered approximately $171 million of the $219 million 
of CD-3a scope.  The following summarizes the Committee’s key cost estimate findings: 
 

 The estimate is supported by detailed independent cost estimates prepared by ARUP on 
the 100% preliminary design, and reconciled twice to within 5%. 

 
 The linkage between the cost books, Primavera (P6) Resource Loaded Schedule, and the 

ARUP cost estimate was presented.    
 

 The cost estimate included appropriate FNAL burdens and overhead rates were tailored 
to reflect funding on Other Project Costs (OPC), PED, and construction. 

 
 Escalation rates for labor and materials and supplies were in accordance with Fermilab 

guidance.  Escalation for construction was determined based on independent analysis. 
 
Schedule/EVMS 
 
The proposed CD-3a work comprises 769 resource-loaded activities within four control accounts 
under the FSCF Work Breakdown Structure (WBS).  The entire FSCF WBS will be put under an 
internal baseline and used for reporting EVMS. 

 
The critical path for the FSCF WBS begins with pre-excavation site readiness scope then runs 
sequentially through Cavern and Drift Excavation Phases 1, 2, and 3 to the Buildings and Site 
Infrastructure for the Ross Shaft refurbishment.  
 
The schedule is not technically driven; rather it is constrained to optimize work performed based 
on the funding profile. 
 
The schedule estimates presented for the FSCF scope is built upon an ARUP provided detailed 
resource-loaded schedule for the construction scope. 
 
FSCF construction scope is composed mainly of fixed price contracts utilizing a CM/GC 
approach consisting of three phases with a base (pre-construction services) and two options.  
 
In support of FNAL EVMS flow-down requirements, the construction contractor will be required 
to provide a cost-loaded baseline schedule and follow scheduling best practices.  FNAL will use 
interface milestones and cost-loaded summary tasks to incorporate the contractor’s schedule 
within their Performance Measurement Baseline. 
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The project will implement EVM practices on pre CD-2 work to allow for training and hands-on 
experience with the FNAL EVMS for the FSCF control account manager. 
 
While the project cannot demonstrate use of the FNAL EVMS on CD-3a work at this time, 
several of the components are in place with a plan to implement fully by April 2016. 
 
Risk/Contingency 
 
A thorough initial risk assessment was completed and is being proactively used as a management 
tool to inform the plan and manage the risk portfolio.  Risk assessment addresses: 
 

 Estimate bias and uncertainty 
 Risk events and analysis of the risk register 
 Top-down expert opinion allowances 
 “Unknown-unknowns” 

 
The risk process incorporates DOE guidance, FNAL policies and procedures, and commercial 
best practices (e.g., PMI Practice Standard).  Risk mitigation plans have been formulated and 
implemented, as appropriate, with clear ownership and accountability. 
 
The total project contingency at $342.8 million is 34% of Budget to Complete.  CD-3a funding 
of $302 million includes $83 million in contingency (38%).  Scope contingency of up to  
$40 million had been identified.  These are primarily elimination of caverns 3 and 4 at $17 million 
each. 
 
5.2 Comments 
 
The Committee found the CD-3a preliminary baseline to be complete, comprehensive, and 
appropriate for this stage of the project design.  
 
Random drill-downs into the cost and schedule estimates demonstrated that each element was 
well understood by the Control Account Manager (CAM) and supported with detailed 
documentation. 
 
Further development is needed to implement EVM on the FSCF scope to comply with the 
certification requirements, and a detailed plan exists outlining the work required to implement 
fully compliant EVM.  
 
Further development is needed regarding the incorporation of the GC schedule and the 
investigation of how best to utilize schedule margin.  This may provide a more accurate alignment 
of the activities with the performance measurement baseline and DOE reporting milestones. 
 
The impact of eliminating scope contingency on achievement of Key Performance Parameters 
(KPPs) is not clear. 
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5.3  Recommendations 
  

16. Consider the use of schedule margin during the creation of the CD-3a baseline. 
 
17. Successfully complete an EVM implementation review prior to award of the first 

construction sub-package. 
 
18. Proceed to CD-3a. 
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6. PROJECT MANAGEMENT 
 

6.1 Findings 
 
The Committee noted that the LBNF/DUNE project continues to receive very strong support 
from FNAL management.  In fact, the Laboratory Director stated that it is “the highest priority at 
Fermilab.”  The Committee was impressed with the very seasoned, experienced, and capable 
project team in place as five key management hires have been made since July 2015, the most 
critical being the Project Director.  Also, a highly skilled Procurement Manager and a 
Procurement Document Specialist were hired two months ago.  The project team plans to hire 
two additional members of the procurement staff in FY 2017 and one more in FY 2021. 
 
The DUNE collaboration continues to grow and is now comprised of 800 members from 
27 countries.  It was observed that there is now a more formal management structure in place. 
 
The project schedule is constrained by the proposed DOE funding profile.  However, the project 
team has had increased success in obtaining support from outside sources including SDSTA and 
CERN.  The FSCF design is identified to be about 50% complete and the Far Site critical path 
work is cavern excavation. 
 
The tentative decision to use the nearby open cut site for waste rock disposal could result in cost 
savings and also reduce trucking requirements by approximately 44,000 truck trips.  The use of 
the open cut site appears to be a sensible approach, but may require revisiting the existing NEPA 
record of decision (ROD).  
 
The LBNF/DUNE project team implemented additional project management systems, including:  
an ICD system for overall configuration control, and a change control log to track possible 
substantive project changes to ensure all potential liabilities to the project are identified. 
 
As planned, LBNF/DUNE will meet the P5 requirements.  However, the project identified 
$40 million in scope contingency which, if implemented, would result in the project not meeting 
P5 requirements.  
 
The project team is planning to hire a CM/GC prior to final design to provide pre-construction 
services including constructability reviews for the FSCF work.  The CM/GC will be required to 
have dedicated safety and Quality Assurance (QA) persons on-site.  The limited number of full-
time FNAL personnel at the Far Site are to be supplemented with SDSTA staff to provide 
oversight of the FSCF activities.  After the CM/GC subcontract is awarded in June 2016, the 
project will determine if it is necessary for a subcontract administrator to be assigned to South 
Dakota.  The project team plans to hire a QA manager by June and a Far Site EHS&Q 
coordinator three months prior to construction. 
 

6.2 Comments 
  
The Committee recognized that LBNF/DUNE continues to embody a large number of significant 
management challenges.  However, from what the Committee could tell, the project appears to be 
managing those challenges very well and significant progress is evident since the July 2015 
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DOE/SC review.  The Committee was impressed with the strength of the management staff of both 
LBNF/DUNE and the DUNE Collaboration.  The relationship between the two organizations 
appears to be excellent and communication between them is both frequent and substantive. 
 
At the July 2015 review, the Committee noted the importance of filling the LBNF/DUNE Project 
Director position as quickly as possible.  That goal was accomplished, and the Committee was 
impressed with how quickly this individual was able to come up to speed and contribute real 
leadership to the team.  The project made additional key hires including a Procurement Manager 
and a Project Manager for U.S. DUNE. 
 
The engagement of FNAL executive management remains strong, with participation by the 
Laboratory Director throughout the review—he stated unequivocally in his opening remarks that 
“the LBNF/Dune Project is the Lab’s highest priority”.  
 
The DUNE collaboration also continues to impress with both its growth in numbers, as well as in 
organizational maturity.  The collaboration’s leadership team is quite strong, possessing both 
scientific and managerial expertise and experience.  Since July, the project team appointed an 
International DUNE Project Manager, as well as formed a series of working groups, including 
naming leaders, deputies, and project managers where appropriate.  With almost all key 
management positions filled, the collaboration is well positioned to handle the continued growth 
projected to occur, and even accelerate, once CD-3a is achieved. 
 
The risk management presentation and follow-up discussions were excellent.  The FNAL risk 
manager is expert, and has succeeded in implementing risk management tools into the project. 
Ranking of risks is accomplished quantitatively, although the project also uses a qualitative 
matrix, to categorize risks into low, medium, and high bins.  The Committee recommended that 
if the project intends to continue use of the matrix, then they should renormalize the cost and 
schedule thresholds for “low” risks.  At this point they are too dis-similar.  
 
The project’s plan to bring on a Far Site ESH&Q coordinator three months before the start of pre-
excavation work is problematic.  It would be prudent to provide at least six months for the person 
to get up to speed on the ES&H challenges, as well as to learn about the organization, the project 
scope, the site, and the staff.  In addition, it is likely that additional ES&H staff will be needed at 
SURF to ensure that ES&H is being properly managed by the CM/GC and its subcontractors. 
 
At this point, there is no plan to have a full-time QA person in residence at SURF.  The 
Committee judged that project management should, at a minimum, re-evaluate having a 
dedicated QA professional onsite for portions of the CD-3a work.   
 
The Committee supported the project team’s decision to implement EVMS on the FSCF scope of 
work.  The Committee was also impressed with the use of a Change Control Log to document 
substantive, but not-yet approved changes, that have either been proposed or are considered 
likely.  This is a best practice. 
 
The Committee considered that the logistics associated with transporting a significant amount 
materials underground in parallel with the removal of approximately 800,000 tons of waste rock 
are critical and should be fully reviewed and evaluated using time studies to validate assumptions.  
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The current scope contingency plan that proposes the possible deletion of chambers 3 and  
4 excavations (second detector cavern), is problematic for two reasons.  First, without chambers 
3 and 4, the project would not be able to deliver the necessary scope to satisfy the P5 
requirement for 40kT of fiducial mass. Second, the project would fall short of satisfying the 
Threshold KPPs as currently defined in the Preliminary Project Execution Plan.  
 
As a relatively easy risk mitigation effort, the project should consider inviting procurement staff 
to attend Project Integration meetings.  There is a reasonable chance that such an effort would 
reduce unhappy surprises and provide improved procurement experiences (fewer delays) for the 
project.  
 
Considering the experience and level of expertise of the members of the project’s acquisition 
chain, and the size and scope of the LBNF/DUNE project, an increase in the purchasing and 
subcontracting approval authority is warranted.  The increase would bring the project in line with 
other DOE projects and would very likely significantly improve procurement’s turn-around time. 
 
The current version of the CM/GC RFP is not of sufficient maturity for release.  For example, it 
does not include clearly defined evaluation criteria that would help ensure that bidders have a 
good understanding of evaluation requirements.  The project’s procurement staff is aware of the 
document’s shortcomings and is planning a full review in the coming weeks.  
 
The Committee is concerned that there will not be sufficient project staff with the right skills mix 
to properly manage the Far Site day-to-day construction work.  The project should re-evaluate 
the plan well in advance of the start of pre-excavation.  
 
Given the current state of design, the Committee recommended that a review be held after the 
A/E provides the 30% submittal package, but prior to issuing the contract for pre-excavation. 
 
6.3 Recommendations 
 

19. Work with a goal of having a Far Site EHS&Q coordinator in place at least six 
months prior to start of pre-excavation.  
 

20. Re-evaluate the number of Far Site resident project EH&S staff that will be needed. 
 
21. Revisit and update the scope contingency plan prior to CD-3a. 

 
22. Request DOE approval of increased purchasing and subcontracting authority. 
 
23. Perform full review of CM/GC RFP, ensuring inclusion of clearly defined evaluation 

criteria, prior to its release.  
 

24. Prepare for a follow-on review to be held after the 30% final design is complete and 
prior to issuing the construction contract for pre-excavation.  
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Appendix A     Charge Memo 
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Appendix B     Review Committee 
 

DOE/SC (CD-3a) Review of the
Long Baseline Neutrino Facility/Deep Underground Neutrino Experiment (LBNF/DUNE)

December 2-4, 2015

Stephen W. Meador, DOE/SC, Chairperson

SC1 SC2 SC3

Detectors Cryogenic Conventional Facilities

* Marty Breidenbach, SLAC * Matt Howell, ORNL * Jack Stellern, ORNL

Brian DeGraff, ORNL Adrienne Carney, U of Pitt

SC4 SC5 SC6

Environment, Safety and Health Cost and Schedule Project Management

* Ian Evans, SLAC * Angus Bampton, PNNL * Jim Krupnick, retired LBNL

Jennifer Fortner, ANL Kurt Fisher, DOE/SC

John Post, LLNL Lynn McKnight, TJNAF

     LEGEND     

Jim Siegrist, DOE/SC Pepin Carolan, DOE/FSO SC Subcommittee

Mike Procario, DOE/SC Mike Weis, DOE/FSO * Chairperson

Bill Wisniewski, DOE/SC Adam Bihary, DOE/FSO

Ted Lavine, DOE/SC

John Kogut, DOE/SC Count: 13 (excluding observers)

Observers
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Appendix C     Review Agenda 
 

DOE/SC (CD-3a) Review of the 
Long Baseline Neutrino Facility/Deep Underground Neutrino Experiment  

(LBNF/DUNE) Project 
December 2-4, 2015 

 
AGENDA 

 
SURF Underground Tour Schedule- Tuesday, December 1, 1:30-5:30 pm 

 
Wednesday, December 2, 2015—SURF Education & Outreach (E&O) Bldg E&O Conference Room 
 
 8:00 am DOE Executive Session—E&O Classroom  ................................................................. S. Meador 
 9:00 am Welcome/Plenary Sessions—E&O Conference Room 
  Welcome and the Fermilab Context .............................................................................. N. Lockyer 
                          SDSTA Welcome  ............................................................................................................. C. Petersen  
  P5 Perspective .............................................................................................................. A. Lankford 
                          CERN Context  ................................................................................................ S. Bertolucci, E. Elsen 
 9:30 am LBNF/DUNE Project Overview & CD-3a Request ....................................................... C. Mossey 
 10:00 am DUNE  ......................................................................................................................... M. Thomson 
 10:30 am Break 
 10:45 am LBNF Project Management  ...................................................................................... E. McCluskey 
 11:25 am Risk Management  ............................................................................................................ L. Taylor 
 11:40 am Procurement Management  ................................................................................................. G. Wray 
 12:00 pm Lunch—E&O Bldg 
 1:00 am Far Site Facilities, Design Interfaces & Logistics ......................................................... M. Headley
 1:25 am  ES&H .......................................................................................................................... M. Andrews 
 1:50 pm Far Detector Requirements on Far Site Conventional Facilities (FSCF) .......................... J. Stewart 
 2:15 pm Cryostat Requirements on FSCF ....................................................................................... M. Nessi 
 2:40 pm Cryo Systems Requirements on FSCF ....................................................................... D. Montanari 
 3:05 pm Final Design and Construction Plan ................................................................................ T. Lundin 
 3:30 pm Parallel Subcommittee Breakout Sessions 
   Management Classroom (E&O Bldg) 
   Conventional Facilities Conference Room  (E&O Bldg) 
   ES&H 2nd Floor Vault  (Admin Bldg) 
   Cost/Schedule Exec Conference Room (Admin Bldg) 
 4:45 pm Break—E&O Bldg 
 5:00 pm DOE Full Committee Executive Session 
 6:30 pm Adjourn 
 
Thursday, December 3, 2015 
 
 8:00 am Parallel Subcommittee Breakout Sessions 
 9:30 am Break 
 9:45 am Parallel Subcommittee Breakout Sessions Cont. 
 12:00 pm Lunch— E&O Bldg 
 1:00 pm Parallel Subcommittee Breakout Sessions Cont. 
 1:45 pm Break 
 2:00 pm Subcommittee Working Session 
 4:00 pm DOE Full Committee Executive Session 
 
Friday, December 4, 2015 
 
 9:00 am DOE Full Committee Executive Session Dry Run  
 11:00 am Closeout Report 
 12:00 pm Adjourn 
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Appendix D     LBNF/DUNE Cost Table 
 
  

Approval Phase Scope
SURF reliability projects                                                                     $14M

Ross Shaft rehab
Oro Hondo Fan replacement
4850L and adit ground support
Ross Crusher roof repair
Water inflow mitigations
SURF Admin parking lot repair

FSCF Construction Management (CM)                                           $26M
SDSTA staff construction support
A/E construction phase services
CM construction phase services

Pre‐Excavation Work (Pre‐EXC)                                                       $49M
Pre‐EXC General Conditions
Phase A: ventilation/blast containment, utilities relocation, Ross 
brow expansion, U/G rock disposal sys, early excavation
Phase B: excavated rock handling sys, Ross shaft elect/data sys, 
U/G utilities relocation, concrete batch plant, slick line

Cavern & Drift Excavation (EXC)                                                    $102M
EXC General Conditions
Phase 1: drifts, chamber 1, and central utility cavern
Phase 2: chamber 2

Building & Site Infrastructure (BSI)                                                 $42M
BSI General Conditions
Phase 1: chamber 1 and central utility cavern utilities & 
infrastructure; surface building and utilities
Phase 2: chamber 2 utilities & infrastructure
Shaft gas utilities ‐ 50% of scope

FSCF Construction Management (CM)                                           $11M
Cavern & Drift Excavation (EXC)                                                      $40M

Phase 3: chamber 3 and 4
Building & Site Infrastructure (BSI)                                                   $8M

Shaft gas utilities ‐ 50% of scope

Site Preparation
(FY16‐18)

CD‐3a Scope
(FY17‐20)

$219M

CD‐3c Scope
(FY20‐22)

$59M
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Appendix E LBNF/DUNE Schedule Chart 
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Appendix F     LBNF/DUNE Management Chart 
 

 


